Background: Attempts to demonstrate the efficacy of interventions aimed at increasing physical activity (PA) have been mixed. Further, studies are seldom designed in a manner that facilitates the understanding of how or why a treatment is effective or ineffective and PA intervention designs should be guided by a heavier reliance upon behavioral theory. The use of a mediating variable framework offers a systematic methodological approach to testing the role of theory, and could also identify the effectiveness of specific intervention components. The primary purpose of this paper was to test the mediating role that cognitive constructs may have played in regards to the positive effect that a workplace behavioral intervention had on leisure-time PA for women. A subsidiary purpose was to examine the cross-sectional relationships of these cognitive constructs with PA behavior.
Background
In light of the compelling evidence supporting positive effects of regular physical activity (PA) [1] , a significant proportion of our population remain sedentary [2] . It is not surprising, therefore, that health researchers have turned attention to identifying and validating methods of increasing PA levels of individuals to improve the health of our population [3] . To date, attempts to demonstrate the efficacy of interventions aimed at increasing PA have been mixed. In a systematic review of 23 physical activity intervention studies, Baranowski and colleagues [4] reported that many published intervention studies had little or no impact on PA behavior. The authors also concluded that PA interventions often demonstrated effects only for a subset of targeted outcome measures or only for some subgroups at some times, but not other time points. A more recent comprehensive meta-analysis across all contexts of physical activity interventions revealed an overall small effect size (i.e., d = .31) [5] . In a meta-analysis specifically focused on workplace PA interventions, Dishman et al. [6] reported an overall small effect size (r = 0.11) across 26 studies.
According to Baranowski et al. [4] , studies are seldom designed in a manner that facilitates the understanding of how or why a treatment is effective, and these authors recommend that PA intervention designs be guided by a heavier reliance upon behavioral theory. Other researchers [7, 8] have made similar recommendations.
In addition to suggesting a stronger theoretical foundation, Baranowski et al. [4] also point out that the use of a mediating variable framework offers a systematic methodological approach to testing the role of theory, and could also identify the effectiveness of specific intervention components. Other researchers have made calls for an increased emphasis and utilization of mediation designs in physical activity research [9] [10] [11] . The rationale underlying this emphasis is that theory-based intervention research postulates a particular treatment will increase PA by influencing specific constructs that relate to behavior change [8] . Thus, a mediating variable framework provides a basis for examining both the overall efficacy of the intervention, and its proposed mechanism of operation [3, 12] .
Experimental designs that assess the relationship between change in cognitive mediators and change in behavior [4] are further enhanced when more than two assessments are included so that the time precedence requirement of causal inference can also be established [3, 8] . It is important to assess mediators alongside intervention outcomes to obtain a better understanding of intervention efforts. Our current understanding of theories is predominantly based on correlational designs [13] [14] [15] and more studies need to be conducted to examine the internal validity of these theories.
The Physical Activity Workplace Study (PAWS) [16] incorporated a randomized controlled trial design to compare the effects of introducing stage-matched and standard print materials upon self-reported leisure-time PA, within a workplace sample. In addition to assessing self-reported PA prior to the intervention, and at two follow-up time points (i.e., at six and 12 months), PAWS participants also reported levels of 14 cognitive constructs at all three assessments. The selected cognitions were based on social-cognitive theories namely, Transtheoretical Model [17] , Theory of Planned Behavior [18] , Protection Motivation Theory [19] and Social Cognitive Theory [20] which are frequently employed in physical activity literature and were operationalized in an integrated theoretical manner for promoting behavior stage of change.
Plotnikoff et al. [16] reported a significant positive effect of the stage-matched intervention upon leisure time PA for females but not for males. However, the original PAWS report did not explore the effect of the intervention on the cognitive constructs, nor did it examine the relationships between the cognitions and leisure time PA.
Therefore, the primary purpose of these follow-up analyses was to investigate the potential mediating role that the cognitive constructs may have played in regards to the positive effect that the PAWS intervention had on leisure-time PA for women. A secondary purpose was to confirm that the theoretical constructs examined as potential mediators of PA were empirically reasonable choices, regardless of observed intervention effects. Specifically, to meet our first purpose we: (a) identified what particular cognitions changed in women, in response to the intervention, (b) determined what cognitive changes were related to PA change, and (c) evaluated whether inclusion of cognitive change within a mediation framework significantly attenuated the observed direct effect of the intervention on PA. To address our second purpose we examined bivariate and partial correlations of each cognition with PA behavior.
Methods

Design
A detailed description of the methods used in the PAWS study has been reported elsewhere [16, 21] . In brief, the study was conducted to compare the efficacy of (1) a stage-matched intervention (based on print materials matched for PA stage of readiness), with (2) a standard print-based intervention [the Canadian Physical Activity Guide (CPAG)] [22] , and (3) a control group. The primary outcome variable was self-reported leisure time PA. Participants were recruited from three large Canadian worksites via flyers, posters and e-mail notification. Each worksite was further subdivided into geographicallybased sub-sites, which were then randomly assigned to one of the three study arms. A University Research Ethics Committee approved all study procedures.
In the original PAWS report the intervention was effective for females in the stage-matched treatment group, who reported greater increases in PA than women in either the standard treatment group (i.e., those who received the CPAG) or the control group. Women participants in the standard treatment and control groups did not differ in PA change [16] . According to Cohen's guidelines, there was more than adequate power (> .80; alpha < .05) with the group N's to detect a medium effect size (i.e., a mean difference of 0.5 of a standard deviation) between the three study groups (as well as between the combined standard and control group versus the stagematched group) in the subsample of women on PA behavior over the course of the study [23] . Subsequent analyses further revealed almost no differences between the standard versus control groups on cognitive change over the duration of the study. Of the 14 social cognitive variables examined in the study, only one construct (i.e., 'perceived behavioral control') changed significantly between the groups over time (p = .03); the magnitude of the difference was small (approx .20 on the 5-point scale). In the current analyses we combined women in the standard treatment group with the control group women, and compared this new group against women who received the stage-matched print materials.
Participants
Participants were employees from three large organizations in the province of Alberta, Canada [16] . Though 897 participants were recruited in the original study, 507 (56.5%) completed the questionnaire at all three time periods. The current analyses are restricted to women who completed the questionnaires at all three assessments, and who included sufficient information for change in PA scores to be computed (n = 326 of 661 females, 49.3%). (For consistency, it was important to employ the same N of women as reported in the primary paper [16] for our mediation analyses; therefore we did not impute the last observation carried forward technique for those missing the 6 and 12-month assessments.) Of these, three women reported changes in MET-minutes scores from Time 1 to Time 3 of greater than 5000 MET-minutes, which was substantially more than three standard deviations from the mean MET-minutes change score. Thus, these three cases were considered outliers, and were removed from subsequent analyses. The women remaining in the sample (n = 324) exhibited a mean age of 42.6 years (SD = 8.8), and were highly educated (82.0% reported having at least a college degree). Approximately three-quarters (n = 244) of the remaining sample reported being in a committed relationship (i.e., either married or common law). Two-thirds (n = 217) reported working full time, 31.5% (n = 102) worked part-time, and less than 1% of the respondents were volunteers (n = 3). Two women in the sample did not report their employment status. For this study analyses, the combined control and standard materials group consisted of 213 women, while the stage-matched group comprised 110 women; there were no statistical differences between the groups on the above-mentioned demographic characteristics.
Measures
Questionnaires that included demographic information, self-reported leisure time PA, and several psychosocial constructs, were collected at three times: baseline, sixmonths, and 12-months.
demographic characteristics
Age, gender, marital status, education level, gross family income, employment status, height and weight were collected as part of the baseline assessment.
physical activity
Respondents reported frequency, duration, and level of intensity (i.e., light, moderate or strenuous) of weekly PA sessions, based on a modified version [16] of the Godin Leisure-Time Exercise Questionnaire (GLTEQ) [24] . Frequency and duration of moderate and strenuous sessions were multiplied together, then weighted by estimates of metabolic equivalents (i.e., 4.0 MET for moderate activity and 7.5 MET for strenuous activity) [25] . MET.minutes scores for each session were totalled, providing an estimate of total weekly PA. Light activity was not included in the PA calculations.
psychological constructs
A total of 14 psychosocial constructs from the Theory of Planned Behavior [18] , Transtheoretical Model [17] , Protection Motivation Theory [19] , and Social Cognitive Theory [20, 26] , were considered as potential mediators of the intervention effect upon self-reported PA (see Plotnikoff et al. [16] for details of our rationale). Table 1 displays (a) an example item from each scale, (b) response scale anchors and number of items (c) instrument development source, and (d) reliability coefficients for each assessment in this study. Constructs scores were computed as the mean value of responses to each scale's individual items.
Statistical Analyses
Our analytical approach consisted of product of coefficients tests of mediation [27] and was guided by the previously reported findings of the PAWS study [16] . To explore the potential mediation processes, we employed a mediation strategy proposed by Baron and Kenny [28] . We first confirmed the overall stage-matched intervention effect for women (i.e., path 'c' in Figure 1 ) by regressing self-reported PA change upon a dummy-coded indicator of group membership (i.e., stage-matched materials vs. CPAG print materials or control group). Next, we examined the effect of the stage-matched intervention on the various psychological constructs (i.e., path 'a' in regression coefficients for both paths 'a' and 'c' were significant, we then regressed the change in PA upon the dummy-coded intervention variable and the change in the potential mediator simultaneously. This third step determined: (a) if change in the potential mediating psychological construct had a significant relationship with the change in PA, after controlling for the effect the intervention had on both (i.e., path 'b' in Figure 1 ), and (b) if the direct effect of the intervention upon PA change was attenuated (as compared to the direct effect when the mediator was not included in the model), as is required to infer that at least partial mediation was plausible [29] .
Testing the statistical significance of the indirect effect through paths 'a' and 'b' is equivalent to that of the attenuation of path 'c' [29] . Statistical significance of the indirect effect was based upon the Sobel test statistic [30] , which has been shown to be stable for single mediator models with sample sizes greater than N = 50 [31] . Based on the sample sizes of our two study groups, we had power at the 0.8 level to detect medium effect sizes for any potential mediation effects of the psychosocial constructs [32] . Although mediation analysis typically stops if either path 'c' or path 'a' is not statistically significant, in order to address our second study aim we proceeded to calculate bivariate and partial correlations (controlling for the intervention effect), between change in each of the psychological constructs and change in PA. This served as an empirical post-hoc confirmation of the appropriateness of the theory-based cognitions that were chosen as potential mediators. In other words, did changes in these cognitions relate to change in physical activity, as theory would suggest, irrespective of the effects or non-effects of the intervention.
Finally, change in PA across the entire 12-month intervention was presented in the original PAWS report [16] . However, specific examination of the pattern of change within the 12 months was not reported. In these followup analyses we examined change in PA and change in the psychological constructs for: (1) the first six months (i.e., initial change), (2) the second six months (i.e., delayed change), and (3) the entire 12 months (overall change) of the study. Throughout this report, references to initial change of PA and cognitions at six months (Time 2) and overall change at 12 months (Time 3) refer to residual change; post-test values were regressed onto their baseline values to create residualized change scores. Figure 1 Overview of mediation process and analysis procedure. 
Results
Preliminary Analyses
Prior to performing mediation analyses all 14 cognitive constructs and leisure time PA levels were compared between study participants who provided sufficient data for these analyses (i.e., completed all three assessments and provided PA data) and those who did not (i.e., either did not complete all three assessments or did not provide sufficient data to calculate change in PA levels). Independent t-tests indicated that no significant differences on PA levels, or on 13 of the 14 psychological constructs (i.e., all p-values > .10). For the one significant construct (i.e., severity), participants who were not included in these analyses (n = 333) reported slightly lower levels (M = 4.62, SD = 0.60) than did participants who were [(n = 325; M = 4.73, SD = 0.46), t(656) = -2.60, p = .01], however the magnitude of this difference was small. Thus, although the current mediation analyses are based on approximately one-half of the participants originally recruited, there were no substantive differences in baseline characteristics between those who provided sufficient data for these analyses and those who either dropped out of the study or provided insufficient data, in regards to leisure time physical activity and the psychological constructs under consideration. Moreover, there were no drop-out differences between the study groups.
Path c: Direct Intervention Effect on Changes in Physical Activity
The top panel of Table 2 indicates that the dummy-coded intervention group variable contributed significantly to prediction of both delayed and overall change in leisure time PA. Treatment group membership did not predict change in PA during the first six months of the study. Specifically, after controlling for individual activity levels reported at the beginning of each time period, women in the stage-matched group reported significantly higher weekly leisure time PA, by approximately 320 and 270 MET-minutes, during the second six months and over the entire 12 months respectively, as compared to women in the combined CPAG and control group. Group membership accounted for 2.6% of the variance in delayed PA change and 2.1% in overall PA change. Tables 2 and 3 
Path a: Intervention Effect on Changes in Psychological Constructs
Path b: Effect of Cognitive Changes on Changes in Physical Activity
The pros construct showed the only significant overall change in response to the stage-matched intervention. Therefore, it was considered as a potential mediator only for overall change in leisure time PA. The path b mediation coefficient showed a significant relationship between the overall change in pros and the overall change in leisure time PA. Specifically, for every one unit of overall change in pros, weekly leisure time PA increased by 162.0 METs, after controlling for initial level of pros and the effect of the intervention. The experiential process construct showed significant initial change, and was therefore considered a potential mediator for both the delayed and overall change in leisure time PA. However, neither the path b coefficient from initial change in experiential processes to delayed change in physical activity, nor the path b coefficient from initial change in experiential processes to overall change in PA, was statistically significant (B delayed PA = 58.3, p = .584; B overall PA = 62.4, p = .532).
Mediation Effects (Attenuation of Path c)
Evaluating the significance of the magnitude of a mediating effect (attenuation of path c) is typically pursued only if both path a, and path b are significant. Based on our criteria, only the potential indirect effect of the stagematched intervention upon overall change in leisure time PA, through the overall change in pros, exhibited significance of both paths, and thus, was the only mediating effect examined for statistical significance.
mediation via change in pros
The change in R 2 values when the intervention was added as a second predictor of PA change (in addition to change in pros) was .017. This R 2 change value was slightly smaller in magnitude than the R 2 value of .021 that was observed when the stage-matched intervention was the only predictor of change in leisure time PA. The magnitude of this indirect effect was 23.50 METminutes (i.e., the mediating effect accounted for a 23.5 MET-minutes greater change in PA for the intervention group than for the control group), and the associated Sobel z = 1.430 was not statistically significant (p = .153). Thus, although the amount of unique variance shared between the intervention and PA was less when the change in pros was also included as a predictor than when the intervention predicted PA alone, the mediating effect was not large enough to consider change in perceived benefits of PA (pros) as a significant mediator of the intervention effect upon the self-reported changes in leisure time PA.
Bivariate and partial correlations of cognitions with physical activity change
Tables 4 and 5 presents the bivariate and partial correlations of the cognitive changes with PA change (regardless of intervention effects on cognitions).
Discussion
The primary purpose of this study was to examine the potential mediators of behavior change in a worksite-distributed PA intervention [16] . Potential mediators included constructs of the Theory of Planned Behavior, Protection Motivation Theory, the Transtheoretical Model, and Social Cognitive Theory allowing for a broad assortment of social-cognitive constructs. The results suggest a general failure of these constructs to account for mediation, and several potential reasons for this null effect are discussed below. We believe the results of this study will inform future research efforts.
Of the 14 constructs and 42 tests (including initial change, delayed change, and overall change) only two positive results were identified (i.e., overall change in pros, initial change in experiential processes), and these were of very small effect size [23] . Adjusting the alpha to account for the multiple tests, eliminate any mediation effect in this study.
Thus, it is clear that the intervention did not change these mediators in any substantive way. Low fidelity observed in our current interventions has also been found among many other trials (see Lewis et al. [8] , Lubans et al, [33] , and Rhodes and Pfaeffi [34] for reviews). In a recent study [35] somewhat similar to ours also reported that a lifestyle physical activity intervention in women effectively increased physical activity, but none of the proposed psychosocial constructs showed a mediating effect. In a recent review of 28 primary prevention PA trials, Rhodes and Pfaeffli [34] found that over half of the trials failed to change the proposed mediators of the intervention.
Clearly, continued innovation to increase the power of interventions is needed to bring about change in socialcognitive variables. This problem poses less of a challenge to current theories as it does to interventions; nevertheless, it does suggest that social-cognitive constructs may be difficult to change following interventions. Interestingly, in our study, several of the changes in social-cognitive constructs were related to subsequent changes in PA independent of the intervention arm. Thus, there was some evidence of validity for these mediators despite the intervention's failure to change these constructs. However, there are practical limitations to changing these constructs that also need consideration. For example, many of the constructs demonstrated very high mean val- ues [16] . This suggests a ceiling/threshold for the possibility of change. Fishbein et al. [7] highlight the importance of demonstrating 'room for change' in psychological constructs as an important step in interventions. There are also other potential methodological artefacts such as measurement times used (too long or too short to capture changes), and attenuation of measurement error. Another explanation for the observed small changes may be explained by response shift theory [36] . Response shift theory refers to a change in one's selfevaluation and/or internal standard (e.g., attitude, perceived control) that result from a change in a measured variable (e.g., PA behavior). An individual for example, may have high perceptions of control before engaging in PA. However, when the individual initiates the behavior, perceptions of control may diminish as barriers to PA and other related constraints may increasingly inhibit the ability to perform PA. Although to date response shift theory has not been evaluated in the social-cognitive domain, this theory may provide one explanation for the observed positive behavioral changes (i.e., PA) while cognitive variables remained relatively stable. In our study, there was an intervention effect on behavior, despite the intervention's general inability to change the examined psychological mediators. A failure to show mediation by social-cognitive variables despite behavior changes, is common [8, [36] [37] [38] [39] ; indeed most intervention effects on behavior have not been completely accounted for by the proposed mediators [8, 34] . Further, a recent study [40] that reviewed mediators of dietary behavior change observed that interventions were relatively unsuccessful in changing mediators. The most powerful and consistent mediator of behavior change interventions in past research has been the behavioral processes of change [8, 34] , however, this construct was ineffective in the current trial.
Similar measurement (attenuation, response shifts) and method (e.g., time-frame) artefacts as highlighted above may account for this result. Still, the finding is suggestive that our current psychological constructs may be inadequate to account for behavioral changes. This also reflects correlational research where even our best prediction models typically explain less than 30% of the variance in PA [4] . An expansion of current models to include additional relevant constructs seems prudent yet most of our current theoretical conceptions share considerable redundancy [7, 15, 26] and thus it is difficult to make suggestions based on the extant literature. Perhaps more sophisticated tests such as an examination of moderators such as personality and environmental characteristics (see Rhodes and Smith [41] ) or more specific measurement domains (e.g., belief level vs. aggregation) would be helpful (see Vallance et al. [42] ). It is also important to note that the behavior change effect in this study was small (2% variance). While this is typical of worksite interventions [6] and behavioral interventions more generally [5] the precision needed from the purported mediators to account for this very small effect may be difficult. However, it is important that physical activity interventions perform and report mediation analyses even if mediation is not established.
Finally, we must acknowledge the study limitations which include the use of self-report measures to assess physical activity, and the low level of participant retention throughout the 12 month study period. This should be taken into account in the interpretation of our findings.
In summary, an examination of mediators of PA behavior change using four leading social cognition theories was unable to account for the effect of the intervention on behavior in a worksite intervention. The results highlight the importance of reporting mediation results in randomized controlled trials whether the findings are null or positive. Future studies may wish to focus on more detailed dose-response issues between mediators and behavior, the inclusion of moderators that could affect individual change, or different mediator constructs at higher levels of measurement specificity. Overall, however, the results show a similar pattern to prior research where interventions did not result in a change in mediation of behavior. Continued work on innovative and more powerful intervention approaches to PA is timely. Bolded values = p < .05
